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Page 324 , line 8, s hould read: "and those operat ed with both a general-p urpose or row-crop type . . . ," etc. 
Pag'e 338, line 4, under "Man-La bor Costs" insert "Man-Labor costs per 
c rop acr e for a ll horse farms combined averaged $8.21, $7.76 for s ta nd ard 
tractor fa rms a nd $6.54 for general-purpose tractor farms," preceding sen-
tence beginning, "These differences . . . ," e tc. 
Page ~43, s ixth line from bottom should r ead: "Power and labor costs pel' 
crop acre were inverseJy related . . . ,It etc. 
Page 356, e leventh line of second paragraph should r ead, "However, with 
the comm on s izes of teams used . ," etc. 
Page 356, third line from bottom of page s houl d read, "Thi s figure empha -
sizes t wo importa nt . ," e tc . 
Page 356, footnote 41 should read, "(4.91 X 25 cents) + (27.46 X 5 
cf'nts) == $2.60 pel' aC re on 2-plow general-purpose tractor farms. (9.34 X 25 
,nts) + (30.88 X 11 cen ts) == $5 .73 per ac r e on horse fa rms." 


SUMMARY 
An analysis of the records of 753 cooperating farmers in 1936 
and 958 in 1937 indicates clearly that general-purpose tractor 
farms are considerably larger than standard tractor farms and 
that standard tractor farms are larger than horse farms. 
The average net cost of keeping a horse on 53 Iowa horse-
operated farms in 1936 and 49 farms in 1937 was $91.44 and 
$86.08, respectively. The horses worked an average of 814 
hours in 1936 and 802 in 1937 at an average cost of 11.2 cents 
and 10.7 cents per hour. Feed costs constitute about 65 per-
cent of the total cost of using horses. 
Feed costs varied from $56 per horse on farms with about 75 
acres in crops to $71 on farms with about 375 acres in crops. 
The pounds of grain per horse likewise varied from 2,050 to 
4,518, respectively, on these farms. The average hours a horse 
worked per year, however, ranged from 680 on the small farms 
to 854 on the larger farms. Amounts of roughage fed per work 
horse did not differ with size of farm or hours of work. Ex-
penses per horse varied with the number of hours they were 
worked. There was only a small difference in the cost per hour 
between horses working an average and those working a small-
er number of hours. This was due to the heavier feeding cost, 
of the horses which worked most. 
Cost per hour of operation averaged 54 cents on I-plow gen-
eral-purpose tractors, 52 cents on 2-plow, 60 cents on 3-plow 
general-purpose. For standard tractors, the costs were 63 
cents for 2-plow and 70 cents for 3-plow. Operating costs are 
largely affected by the size of the tractor and the number of 
hours it is used. The average costs per horsepower hour of 
operation were 5.5 cents, 4.7 cents and 5.2 cents, respectively, 
for I-plow, 2-plow and 3-plow general-purpose tractors and 
4.9 and 4.4 cents for 2-plow and 3-plow standard tractors. This 
is after adjustments for the difference in number of hours each 
type of tractor was worked. 
Tractors mounted on pneumatic tires used 22 percent less 
fuel and were estimated by farmers to last 34 percent longer 
than tractors mounted on steel. This economy in fuel and de-
preciation by tractors mounted on pneumatic tires, however, 
was offset by the additional costs incurred in the use of tires. 
Farm motor trucks of IV2-ton, I-ton and Vz-ton capacity were 
driven an average of 3,024, 3,660 and 5,441 miles, respectively, 
per year. The average costs of operation per mile were 6.3 
cents, 5.1 cents and 3.9 cents, respectively, for 11/2-ton, I-ton 
and ~/2-ton trucks. This meant 4.2 cents, 5.1 cents and 7.8 cents 
per capacity-ton-mile. 
Labor costs per crop acre were slightly higher on horse farms 
than on tractor farms of comparable size. It is quite apparent 
from the records that farmers using general-purpose tractors 
have as yet not taken full advantage of the opportunity their 
tractors afford them in reducing labor costs. However, 63 per-
cent of the farmers using general-purpose tractors had operated 
their farms less than 3 years with this type of power. 
Tractor farmers had higher expenses for machinery, exclud-
ing tractors, than did horse farmers . General-purpose tractor 
farmers had duplicated a considerable amount of crop machin-
ery, and a larger propor.tion of them had motor trucks, com-
bines, threshers, corn pickers, ensilage cutters and feed grind· 
ers than did horse farmers. Duplications seemed to disappear 
after farmers had operated with tractors for a while. Farmers 
operating general-purpose tractors generally had about 50 per-
cent greater investment in horses, tractors and machinery com-
bined than did horse farmers with farms of comparable size. 
On the average there appeared to be no consistent difference 
in the combined costs for labor, horses, tractors and machinery 
between general-purpose tractor farms and horse farms. These 
combined costs were higher on standard tractor farms than on 
horse or general-purpose tractor farms of comparable size. 
A study of farms matched for size, location and amounts of 
livestock, however, indicates that farmers who have operated 
their farms with general-purpose tractors for 4 years or more 
have made substantial reductions in total power and labor costs 
over farmers operating with horses or with standard tractors. 
The big reduction appeared to be in horse and labor costs, al-
though slight reductions were also made in machinery costs. 
From a study of rates at which tractors and horses perform 
certain field tasks it is very apparent that one man with a 
tractor will perform more field work in a given number of hours 
than a man with the average hitch of horses. 
Farmers with general-purpose tractors used only 4.9 hours 
of man labor and 27.46 drawbar horsepower hours to produce 
an acre of corn prior to harvest compared with 9.4 hours of 
man labor and 30.88 drawbar horsepower hours on horse farms. 
There was much less variation in the amount of energy ex-
pended in the production of corn and oats between different. 
tractor farms, especially general-purpose tractor farms, than 
between different horse farms. It seeDlS quite possible that as 
farmers operating tractors adjust equipment to their tractors 
the variation in performance will be even less than that now 
found on tractor farms. 
The managerial ability of the farm operator seems to be the 
most important factor affecting power costs. The farmer 
through his cropping system, equipment and size of the power 
unit has control over his peak load. By properly distributing 
the peak power load a smaller power unit may be employed 
which will result in increased use and hence lower unit power 
costs. 
Each farm is an individual problem. The most desirable 
power set-up depends on the size and physical characterifltics 
of the farm, the financial resources of the operator and his pref. 
erences and ability to utilize it. 
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Cost and Utilization of Power and 
Labor on Iowa Farms l 
By WYLIE D. GOODSELL 
According to data from the United States Bureau of Agricu l· 
tural Economics, there were 1,652,000 horses and mules on Iowa 
farms in 1918, as shown in fig. 1, a number which was exceeded 
only in 1915, with 1,658,000 head. Since 1918 the number has 
declined rapidly and without interruption, until in 1939 there 
was only 838,000 head on Iowa farms. This long steady de-
cline in number of horses indicates that farmers who must now 
replace old and worn-out horses are faced with three alterna-
tives. They must either purchase horses outright, raise colts 
or buy a tractor. 
Numbers of farm tractors in I owa increased rapidly from 
1918 to 1931, declined from 1931 to 1933 and then increased 
sharply to 1938. Under conditions of Corn Belt agriculture, 
tractors are in a stronger competitive position relative to dr aft 
animals when feed prices are high, when general business con-
ditions appear favorable and when cash income is high. They 
are in a weaker competitive position when feed prices are low, 
when business in general is weak and when cash income is on 
the wane. 
Many changes have occurred during the past 30 years in 
the kinds of power and equipment employed in crop produc· 
tion. The earlier tractors were of the standard or non-culti-
vating types. These permitted a slight reduction in the num-
ber of draft animals on farms with comiderable amounts of 
intertilled crops, a slight reduction in labor requirements and 
a slight increase in the size of farm . Since cultivating these 
crops still remained to be done with draft animals, the introduc-
tion of the general purposp. or cultivating type of tractor about 
10 years ago made for a further advantage in larger sized 
farms. 
It seems quite obvious that a tractor will not be profitable if 
it does not enable the farmer to do at least one of the fo11ow-
1 Project 522 of the Iowa Agricultura~Experiment Station. This manu-
script was taken from a thesis submitted to the faculty of the graduate col-
lege, Iowa State College, in partial fulfillment of the requirements for the 
degree, doctor of philosophy. 
The author acknowledges the cooperation a nd assistance of the numerous 
~armers who contributed information necessary for this study, the advice and 
mterest of L. G. Allbaugh, exten s ion economist, and of the fi eld m en, George 
E . DIllon, Herbert B. Howell, Carl C. Malone a nd J ames J . Wall ace in ob-
taining information throug hout the course of the study. ' 
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Fig. 1. Numbers of horses and mules, tractors and trucks on Iowa farms. 
ing: Reduce the cost of power; reduce the cost of labor; or 
increase the worker's output. 
The new models of tractors, particularly of the general-pur-
pose type, have reached new peaks of mechanical efficiency and 
fit much more closely the power needs of the farmer than the 
earlier types of tractors. New attachments and devices are 
literally pouring out of the factories. The application of pneu-
matic tires has increased the mobility of the tractors and per-
mitted them to be employed in a variety of uses. Horses, how-
ever, have the advantage that they can be kept for a good por-
tion of the time on home-grown feeds of low quality and price. 
This is important in reducing cash operating costs to a mini-
mum during periods of agricultural d('pression when farm in-
come, as well as feed costs, are low relative to the costs of 
operating tractors. 
Numerous persons have blamed the decline in farm wages 
and prices of numerous farm products, particularly forag,: 
crops and oats, on the advent of the tractor and the substitu-
tion of mechanical power for horsepower. It is not, however, 
the purpose of this study to deal with these questions regard-
ing the farming industry as a whole. Rather, it will deal with 
those aspects of the power problem which directly concern and 
affect the farmer as an individual. 
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This study is, therefore, devoted to: (1) Determining the 
costs of operating different types and sizes of tractors; (2) find-
ing the costs of operating horses as a source of power; (3) fig-
uring the total power and labor costs on farms operated with 
both horses and tractors; (4) studying the influence of the use 
of tractors or horses on the organization and management of 
farm enterprises, and (5) determining the specific performances 
of tractors and horses in selected field operations. 
SOURCES OF THE DATA 
This economic study of costs and uses of tractors and horses 
on Iowa farms is based on the actual experiences of 1,961 farm-
ers as shown: 
1. By 372 farm management association r ecords kept in 1936 
and 497 records kept in 1937. These records consist of a de-
tailed account of all transactions occurring on the farm during 
the year. They include an itemized account of farm inven-
tories, production, sales and purchases of crops and livestock, 
sales and purchases of equipment and supplies and distribution 
of feed to livestock. A full-time farm management specialist 
was in charge of each association. 
2. By 381 non-association farm records kept in 1936 and 
461 kept in 1937. These records contain similar information, 
although not so detailed as that kept in association records. 
These were not kept under the supervision of a field man as 
were the association records. 2 
3. By 425 tractor and 125 horse records k ept by associations 
in 1936 and 1937. These cooperator farms are located in prac-
tically every county in the state (fig. 2). 
4. By approximately 200 farm survey records3 obtained in 
1936 and approximately 50 in 1937. 
TYPES OF POWER ON COOPERATOR FARMS 
Power and labor costs on farms are affected by such numer-
ous factors as type of power, size and type of farm, relative 
amounts of livestock, efficiency in the use of machinery and 
equipment and efficiency in the use of horses and tractors. Any 
2 Considerable assistance is given to non-association farmers by the Exten-
sion Service. A number of the non-associa tion records was obtained from an 
erosion control project in southern Iowa. The keeping of these records was 
supervised by a field man from the personnel of the erosion control project. 
3 The survey records of 1936 were obtained from a National Research 
Project Survey, and were made available by Dr. J. A. Hopkins, Jr., who was 
in charge of the survey. Association and non-association records are kept by 
cooperators in the project of the Extension Service a nd will be referred to as 
cooperator farms throughout this study. These farms have an average of 
about 160 acres in crops as compared with 98 acres in crops for the average 
farm in the state. There is no significant d ifference in the use of land. Crop 
yields are considerably higher on cooperator farms than on average farms in 
the state. Sixty-nine percent of the cooperator farms had tractors and 24 
percent had trucks comDnrf\ il ",dth ao l)Qrcont n.nd 0 poroortt, l.cd1.H::dl.lVtly , 
for the average farms in the state. 
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Fig. 2. Dis tribution of general-purpose trac tor fa rms, s ta nda rd trac tor 
fa rms a n d horse-operated farms included in the study in 1937. 
study which aims at determining the relative economy of dif-
ferent types of power must take cognizance of these factors. 
In order to determine the influence of different types of 
power on the organization and costs of operating farms, the 
farms in this study are divided into three groups, namely: 
Those on which horses provided the only tractive power ; those 
operated with horses and standard or non-cultivating type 
tractors; and those operated with both a general-purpose or low-
crop type of tractor4 and horses. OTII~T those tractors capable 
of being. used for cultivating corn or other intertilled crops 
were classed as general-purpose. These groups of farms will 
be referred to as horse farms, standard tractor farms and gen-
eral-purpose tractor farms. 
The number and percentage of cooperator farms employing 
different types of power are shown in table 1. Within the 
groups there is a further classification by size of tractor used. 
The differences in operating costs and in organization between 
farms employing I-plow, 2-plow and 3-plow general-purpose 
tractors are n egligible. Likewise, there are no differences in 
power costs or in organization between farms using 2-plow and 
3-plow standard tractors. For all practical purposes the farms 
may be classified as standard tractor or general-purpose tractor 
farms. 
Of 1,711 cooperator farms there were only 11 where no 
horses were used. Many farmers employing tractors kept a 
'In some inst a nces more tha n on e tractor was employed on the same 
fa rm. In such cases the farm was classified as a tractor f a rm in the group 
representing the tractor most u sed. 
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TABLE 1. NUMBER AND PERCENTAGE OF IOWA FARM MANAGEMENT CO-
OPERATOR FARMS HAVING VARIOUS TYPES OF POWER, 
1936 AND 1937. 
1936 1937 
Type of power I 
Number ofi Percent of Nf~:; Of(er~~~;l of farms total 
Total farms studied 753 100 .0 958 100.0 
Horse 232 30.8 250 26.1 
Standard tractor, total 146 19.4 159 16 .6 
Standard tractor-2-plow 102 13.6 119 12.4 
Standard tractor-3-plow 44 5.8 40 4.2 
General-purpose tractor, total 375 49.8 549 57.3 
General-purpose tractor- I-plow 41 5.5 78 8.1 
General-purpose tractor-2-plow 315 41.8 445 46.5 
General-purpose tractor-3-plow 19 2.5 26 2.7 
team of horses but used them only a few hours in choring and. 
light team work during the year. About 72 percent of the 
farms had tractors. 
Approximately 24 percent of the farms had trucks. These 
were found on 10 percent of the horse farms compared to 29 
percent of the tractor farms. Trucks were found more often OJ] 
the large farms than on small ones and tended to be employed 
on farms with a considerable number of livestock. 
COST OF OPERATION OF HORSES, TRACTORS 
AND TRUCKS 
COST OF OPERATION OF HORSES 
Number and value of horses, hours of use and amounts of 
feed consumed by .work animals were obtained on 53 non-
tractor farms in 1936 and 49 such farms in 1937.5 Horses 
worked an average of 814 hours in 1936 and 802 in 1937 at an 
average net cost per horse of $91.44 in 1936 and $86.08 in 1937 
(table 2). Feed cost constitutes by far the largest portion of 
the total expense encountered in using draft animals, and was 
more than five times as large as any other item (fig. 3).6 A 
study of all records showed that feed costs per horse varied 
from $56.00 to $71.00. Most of this variation is related to dif-
ferences in size of farms and number of hours horses were used. 
The horses worked an average of 680 hours per year on farms 
• Similar results were obtained from data on 57 farms in 1935. Feeding 
rations to work animals on Corn Belt farms have not changed in the past 8 
)"tars. 
6 Feed prices were as follows: 
1936- 1937 
Corn, per busheL_______________________ $ .75 
Oats, per busheL_______________________ .35 
Barley and rye, per busheL_____________ .60 
Legume hay, per ton ______ .______________ 9.50 
Other hay, per ton ______________________ 6.50 
Fodder, per ton________________________ 3.00 
1921-1930 
$ .67 
.35 
.57 
10.00 
7.50 
3.00 
&26 
TABLE 2. HaURs OF USE AND caST aF KEEPING HaRSES aN IOWA FARM 
MANAGEMENT ASSOCIATION FARMS aN WHICH NO. TRACTaRs 
WERE EMPLaYED. 
1936 1937 
Number of farms 53 49 
Acres per farm 176 187 
Crop acres per farm 116 117 
Number of work hOfSPS per farm 5.3 5.0 
Crop 'acres per work horse 21.7 23.2 
Quantities of reed per work horse 
Corn, bu. 26.4 19.2 
aats, bu. 55.4 53.6 
ather grain (barley, rye, mix) lb. 32 96 
Hay, tons 
Legume .91 .80 
Non-legume 1.05 .91 
ather roughage, tons .28 .22 
Pasture, value $ 5.83 $ 8.11 
Cost items per work horse 
Feed $62.68 $58.16 
Depreciation* 10.12 9 . 80 
Chore labor* 11.80 11.80 
Interestt 6.54 6.00 
Harness 1. 60 1.56 
Vet., medicine and shoeing .83 1.18 
Taxest 3.49 3.20 
Total co.t 97.06 91. 70 
Man.ure credi tt .5.62 5.62 
Net cost $91.44 $86.08 
Average hOUTS worked per work horse 814 802 
Average cost per hour and per horsepower hr.# $0.112 $0.107 
*Goodsell, Wylie D. Cost and utilization of power and labor on Iowa farms. Unpublished 
thesis, Library, Iowa State College, Ames, Iowa, 1938. 
tInterest and taxes throughout the study were charged at 6 percent and 32 mills, respectively. 
Miscellaneous labor was charged at 25 cents per hOUT. 
tGoodsell, op. cit. p. 57. The amount of manure credit was determined by applying to the 
average quantity of feed consumed by the horses a fertility factor to obtain the fertility 
constituents, composition and fertility value of thr- feed consumed. Next this was reduced 
on account of loss from improper storage and handling. (See Iowa Agr. Exp. Sta., Bul. 
236, 1926.) No credit was given for manure dropped in pasture. 
#The average Iowa horse is considered as developi ng or as being capable of developing one 
horse power. On this see: Collins, E. V., and Caine, A. B. Testing draft horses, Iowa 
Agr. Exp. Sta .. , Bu!. 240. 1926. 
Hurst, W. M., and Church, L. M. Power and machinery in agriculture. U.S. Dept. Agr., 
Misc. Pub., 157. 1933. 
af about 75 acres in craps and 854 hDurs per year on farms 
with about 375 acres in craps. Pounds of grain consumed per 
horse ranged from 2,050 per year on the small farms where 
each horse worked fewer hours to 4,518 on the larger farms.7 
There is a very close reI at ian ship between the number of 
hours horses worked and the cost of feed. s Although the cost 
per hour of horse work on these farms is generally believed to 
vary inversely with the number of hours the horses are worked 
per year, the total cast per haur af use varied but little. In 
other words, feed cost increased as the horses were worked more 
7 The correlation between pounds of grain fed per horse and hours worked 
per horse was .89. The regression of pounds of grain on hours was 
Y = 9.5581 X - ~983 . 
8 The correlation between the number of hours each horse worked and the 
cost of feed was .90. The regression of cost on hours was Y = .1243 X - 31. 
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hours, and feed costs comprise about 65 percent of the costs 
of using horses. 
It has been predicted that roughages will become more plen-
tiful and cheaper because of soil conservation programs and 
that farmers will substitute roughages for concentrates in the 
horse rations. This would result in increasing the competitive 
advantages of horses as compared to tractors as a source of 
farm power. From this study, however, it appears that more 
work per horse means more grain, rather than more roughage. 
There was a sustained tendency on these farms for the quanti-
ties of roughages to remain constant regardless of the hours 
worked per horse. Consequently, it seems that very little sub-
stitution of horses for tractors is likely to result from this cause. 
Depreciation on work horses cannot be avoided and is a cost 
of considerable importance. It comprises 10.6 percent of the 
Feed 
Chore Labor 
Depreciatiol'" 
Intere5t <p 6% 
Taxes !l9 32. mill~ 
Harness 
vet., Medicine, 
'*- Shoeing 
o 
Fuel 
DepreciaTion 
Oi I 4. Grease 
Taxe5 @ 31'. mil15 
gepairs '*- Ex-
pert Labor 
LabOr To Service 
(Chore Labor) 
o 
10 
10 
$60.4'1: 
II.eo 
9.96 
ro.?? 
3.34 
J .58 
1 .00 
1'.0 30 40 50 COO rOi$94.37 
PEIi?CENT 
$154 . 7~ 
97.52 
36.1 1 
21.83 
19.'26 
16.3 1 
6.51 
1'.0 30 40 50 COO 70 $352 . 2.7 
PERCENT 
F ig. 3. Above: Principal cost items as percentages of gross cost per 
,vork horse. 
Below: Principal cost items as percentages of gross cost of operating a 
general-purpose tractor. 
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total horse costs (fig. 3).9 Some farmers think that by raising 
colts for replacement they are avoiding depreciation costs on 
their work stock. A few have made it a practice to use only 
young animals and to dispose of them before they begin to de-
cline in value. In neither case is depreciation avoided. In the 
first case, replacement has been made by raising colts but de-
preciation continued on the brood mares and older animals. In 
the second case, it may be possible through favorable selling 
prices to transfer the depreciation to the buyers of the horses, 
but this merely shifts the expense from one farmer to another 
and does not change the fact that the depreciation is being 
carried by someone. Costs of power supplied by horses can also 
be reduced under favorable conditions by raising colts for re-
placements. No study is made here of the costs of raising colts 
and the expenses shown for the horses include those on aged 
horses only. 
In comparing the use of horses with that of tractors, account 
should be taken of the effective power developed by each. 
Table 2 shows that the cost per hour, which may also be taken 
to represent the horsepower-hours, averaged 11.2 cents in 1936 
and 10.7 cents in 1937 on the farms studied. These figures may 
be compared with the corresponding costs on tractors given a 
little later. 
COST OF OPERATING TRACTORS 
Each farmer who wants to buy a tractor is interested in the 
amount of work each type, size and model will do, as well as 
the operating costs of the tractor as compared to horses. 
UNITS FOR COMPARING TRACTOR COSTS 
This section is directed to a comparison of the costs of op-
erating general-purpose I-plow, 2-plow and 3-plow tractors, 
standard 2-plow and 3-plow tractors and general-purpose 
2-plow tractors mounted on steel or pneumatic tires. 
To compare directly the cost of operating one size or type 
of tractor with another without taking cognizance of the horse-
power developed by each means very little. It will cost less 
per hour to operate a I-plow general-purpose tractor, for ex-
ample, than a 3-plow general-purpose tractor. But the 3-plow 
tractor will accomplish much more work in a given time than 
will the I-plow tractor. Costs of operating various power units 
can be compared directly by adjusting them to a common de-
U The annual depreciation rate w a s 8.09 percent (4.29 written off due to 
declining value because of increased age of work anima l (appendix fig. 1), 
3.3 percent death loss and 0.5 written off due to accidents). Goodsell, Wylie 
D. Cost and utilization of power and labor on Iowa farms. Unpublished 
thesis. Library, Iowa State College, Ames, Iowa. 1938. 
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nominator, namely, the effective horsepower developed.10 
VARIATION IN COSTS OF OPERATING TRACTORS 
The cost per hour to operate tractors ranged from 51 cents on 
2-plow general-purpose tractors to 70 cents on 3-plow standard 
tractors (table 3). However, as was stated, it is fallacious for 
most purposes to compare costs of operating tractors on the 
basis of cost per hour alone; cost per hour is largely a function 
of the size of the tractor and the number of hours it is used 
(fig. 4). 
The logical basis for comparison is in terms of cost per horse-
10 Whiie the maximum power of the tractor is known, its full capacity is 
seldom used. Under farm conditions it is practically impossible, even for 
short intervals, to utilize the maximum power of the tractor. The effective 
horsepower rating is that horsepower which the tractor would develep in 
average farm operations. Goodsell, Wylie D. Cost and utilization of power 
and labor on Iowa farms. Unpublished thesis. Library, Iowa State College, 
Ames, Iowa, 1938. 
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HORSE-POWER HOURS OF USE. PER VEAR IN THOUSANDS 
Fig. 4. R ela tion of a nnual u se to various items of two-plow general-
purpose tractor costs. There was no significant difference in the total costs 
of operating two-plow general-purpose tractors mounted on steel and mounted 
on pneumatic tires for a given number of hours. There was, however, a 
highly significant difference in fuel costs. 
TaBLE 3. DETaILED COSTji OF OPERaTING TRaCTORS ON IOWa FaRM MANAGEMENT FaRMS WITH ONE TRACTOR PER FARM 
AVERAGE, 1936-1937. 
-
General-Purpose Standard 
I 
I I-plow 2-plow* I 3-plow 2-plow 3-plow Percent Percent 
T y pe of tractor mounted on Steel-rubber Steel Rubber Steel-rubber Steel Steel 
N umber of tractors 41 73 61 20 66 39 
Repairs $ 13.55 $ 13.16 $ 19 .38 $ 19.15 4.7 $ 15.00 $ 30.54 8.9 
Fuel, oil, and grease 119.65 170.62 178.03 241.48 50.5 95.98 161. 02 51.5 
Labor to service 4.68 6.19 7.83 7.35 1.8 3.07 4.36 1.5 
Depreciation 68.74 87.74 119 . 13 114.4.0 27.5 52.92 71.04 25.1 
Interest 28.81 33.65 42.35 39.63 10.1 17.26 24.91 8.5 
Taxes 15.37 17.95 22.58 21.13 5.4 9.21 13 .28 4.5 
Total costs $250.80 $329.31 $389.30 $443.19 100.0 $193.44 $305.15 100.0 
HOUTS drawbar work 415 544 667 593 260 306 
H ours belt work 53 75 116 143 47 130 
Total hours 468 619 783 736 307 436 
Total horsepower hours 3913 7257 9958 11290 3167 7097 
Cost per houT, dollars $ 0.54 $ 0.53 $ 0.50 $ 0 .60 $ 0.63 S 0 .70 
Cost per H.P. hour, d ollars .064 .045 .039 .039 . 061 .043 
Estimated cost per H.P. hour, for 
6,792 hours use, dollars .055 .047 . 048 .052 .049 .044 
Crop acres per farm 152 168 202 243 135 168 
Effective H.P. ratings: 
Drawbar 7.1 11.0 12.0 13. 57 9.18 13.52 
Belt 10.0 16.9 16.6 22.07 15.51 23.49 
Percent custom work 6.5 4.6 8.4 12.12 4.90 13.40 
Presen t age, years* 2.2 3.9 2.3 3.5 9.20 9.40 
Estimated remaining life, years* 8.5 6.8 8.0 6.8 4.60 4.60 
*Based on 1937 d ata. 
There was pract,ically no differe-nce in cost.s and performancps of tractors of the same size and type between 1936 and 1937. 
00 
00 
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power hour of useY This, however, declines materially as the 
tractor is used more hours per year, because fixed costs are 
spread over a larger number of hours of useY Therefore, it is 
necessary to compute the cost per horsepow er hour on the 
basis of the number of horsepower hours each tractor is used 
if costs of operation between tractors are to be compared. For 
example, taking two extreme cases, the cost per horsepower 
hour to operate 3-plow general-purpose tractors was 3.9 cents 
compared with 6.1 cents for 2-plow standard tractors. General-
purpose 3-plow tractors were used 11,290 horsepower hours, 
whereas 2-plow standard tractors were used only 3,167 horse-
power hours. The average number of horsepower hours of use 
for the six groups of tractors (table 3) was 6,792 and as the 
horsepower hours increased the cost per horsepower hour de-
clined. The rate of charge was such that, within the limited range 
in number of hours covered by the records studied, the cost per 
horsepower hour declined about four-tenths of one cent per 
hour with an increase of 1,000 hours. The 2-plow standard 
tractors were used 3,625 horsepower hours less and 3-plow gen-
eral-purpose tractors 4,498 horsepower hours more than the 
average. If each type of tractor were used the average num-
ber of hours (6,792) the cost per horsepower hour would be 
1.3 cents per hour greater on the 2-plow general-purpose trac-
tors and 1.2 cents less on the 2-plow standard tractors. 
The costs per horsepower hour after adjustment to the 6,792 
hour basis were 5.5 cents, 4.7 cents and 5.2 cents, respectively, 
on I-plow, 2-plow and 3-plow general-purpose tractors and 4.9 
cents and 4.4 cents on standard 2-plow and 3-plow tractors. 
The differences in costs are highly significant. It should be re-
membered, however, that the full capacity of the tractor is not 
always needed and consequently that a comparison of the cost 
of power cannot be made between horse and tractor farms on 
the basis of cost per horsepower hour alone. Neither are these 
figures on cost per horsepower hour intended to provide by 
themselves any basis for choice of type of power. Such a choice 
becomes possible only when other facts are also taken into con-
sideration, as is done later on. For combined power, machin-
ery and labor costs on groups of similar farms the reader is re-
ferred to tables 11 and 12. 
COMPARISON OF COSTS OF OPERATING TRACTORS MOUNTED ON 
STEEL AND ON PNEUMATIC TIRES 
One of the big questions in the farm power problem today is 
whether tractors mounted on pneumatic tires are cheaper to 
11 The average horsepower output for each class of tractor was estimated 
on the basis of the amount of power required for each different operation and 
the number of hours used in each operation. 
10 Cost per horsepower hour here is computed for the current year. Over 
a period of years (life of the tractor) fixed costs would disappear. 
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operate than the same type and size of tractor mounted on 
steel. In this study the 2-plow general-purpose tractors in 1937 
were classified into two groups: (1) Those mounted on steel 
and (2) those mounted on pneumatic tires. The tractors in 
these two groups are of the same size and differ only in type 
of mounting. In fact, some of the tractors mounted on rubber 
tires were mounted on steel for a number of years before the 
type of traction was altered. 
There was no difference in the average total cost per horse-
power hour to operate tractors mounted on steel or on pneu-
matic tires (table 3 and fig. 4) Y There were, however, highly 
significant differences in the component costs such as taxes, in-
terest, depreciation costs and fuel costs per horsepower hour 
between tractors mounted on steel and on rubber. 
Tractors mounted on pneumatic tires were much more eco-
nomical in the use of fuel. Fuel costs per horsepower hour 
were 1.9 cents for tractors mounted on rubbcr as compared 
with 2.4 cents for tractors mounted on steel (fig. 4). In other 
words, tractors mounted on pneumatic tires used 22 percent 
less fuel than did tractors mounted on steel. The difference is 
highly significant.14 
Interest, taxes and depreciation costs per horsepower hour 
were higher for tractors mounted on pneumatic tires than for 
those on steel. The difference was enough to offset the economy 
in use of fuel gained by the use of pneumatic tires. While the 
pneumatic tires have not lowered cost, according to the expe-
rience of the farmers in this study, there is a possibility that 
their use may increase the life of tractors and reduce depre-
ciation below the rates estimated in this bulletin. 
FACTORS INFLUENCING THE LIFE OF TRACTORS 
The estimated life of the tractor is a very important factor 
in determining the depreciation rate and thereby affecting the 
cost per hour or per horsepower hour of work done with it. 
On these farms depreciation amounted to 28 percent of the total 
costs of operating tractors. 
The expected life of general-purpose tractors ranged from 4 
to 17 years. The estimated life of standard tractors was greater 
than that of general-purpose tractors and ranged from 8 to 20 
years. The expression of the life of tractors in terms of years 
involves an error in procedure. It is more realistic to express 
the tractor's life in hours of use, sinre this determines more 
nearly the time required to wear it out, even though obso-
lescence also affects its life to some extent. 
13 F = 3.20. 
14 F = 26.06. 
333 
The estimated life of 2-plow standard tractors was 13.8 and 
that of 3-plow standard tractors was 14 years. The estimated 
life in terms of hours, however, was 4,237 (13.8 years X 307 
hours per year) for 2-plow standard tractors and 6,104 hours 
(14 years X 436 hours per year) (table 3) for 3-plow standard 
tractors. 
'l'he life of tractors seems to depend on (1) the character of 
use (relative amounts of drawbar as compared to belt work) 
and (2) the type of tractor. Observation of the original data 
seemed to indicate that the estimated life of tractors which 
were used relatively more in belt work was greater than those 
which were used mostly in drawbar work. 
The point has frequently been made that the use of pneumatic 
tires increases the life of tractors. As was stated above, the 
only difference in the two groups of 2-plow general-purpose 
tractors was in the type of mounting. There was practically 
no difference in the proportion of belt work performed by 
tractors in the two groups. The estimated life of the tractors 
mounted on rubber was 8,848 hours compared with 6,623 hours 
for tractors on steel. In other words, tractors when mounted 
on pneumatic tires were estimated to last 34 percent longer 
than those on steel. Pneumatic tires, however, have been used 
on farm tractors a comparatively short time. Continued usc 
might show the life of the tractor to be either more or less than 
the present estimated figure. 
COST OF OPERATING FARM MOTOR TRUCKS 
As was stated above, approximately 24 percent of the co-
operator farms employed farm motor trucks. The proportion 
of cooperator farms employing trucks, however, is declining. 
Especially is this true of the smaller farms and of those farms 
with smaller amounts of livestock. The development of com-
mercial trucking is probably the principal reason. The cost of 
operating farm motor trucks, in most instances, constitutes a 
very small proportion of the total power and labor costs. 
Nevertheless, trucks appear to play an important part in the 
operation of some of the large livestock farms. 
A detailed study of 89 farm motor trucks in 1935 and 1936 
indicates that on the average it costs'5 6.3 cents per mile to 
operate l%-ton trucks and 5.1 cents and 3.9 cents per mile, re-
spectively, to operate trucks of I-ton and lJ2-ton capacity 
(table 4). Trucks of l1J2-ton capacity were driven 3,024 miles 
per year compared with 3,660 miles and 5,441 miles, respec-
tively, for I-ton and lJ2-ton trucks. Costs per mile of operation 
are largely affected by the load carried and the number of miles 
,. Income from custom trucking was not deducted from the costs of operat-
Ing farm trucks. The average annual income from custom truckln&" was $6.4 3. 
$0.42 and $0.57 per truck. respectively. for I'h-ton. I-ton and 'h-ton truck •. 
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TABLE 4. COST OF OPERATING FARM MOTOR TRUCKS REPORTED FOR IOWA 
FARM MANAGEMENT ASSOCIATION FARMS, 1935- 1936. 
Capacity of truck I 1- 1/2 Ton 1 Ton I 1/2 Ton 
------
Number of trucks 54 24 11 
- ------
I I Dollars Percent Dollars Percent Dollars Percent 
Depreciation 50.00 26.2 51.88 27.8 66.18 31.3 
Interes t at 6 percent 15.58 8.2 12.52 6.7 14.41 6.8 
Insurance 7.76 4.1 11.16 5.9 17 .41 8.2 
License 28.90 15.2 18.68 10.0 15 .01 7 . 1 
Repairs 28.17 14 .8 27.02 14 . 5 17 .90 8.5 
Motor oil 6.54 3.4 5.57 3.0 8.70 4.1 
Gasoline 50.44 26.5 57.27 30 . 6 68.86 32.5 
Grease 3.16 1.6 2.75 1.5 3.08 1.5 
Total cost 190.55 100.0 186 .85 100.0 211.55 100.0 
Total miles driven 
per year 3024 3660 5441 
Cost per mile .063 .051 .039 
Ton-miles 4536 3660 2720 
Cost per ton-mile .042 .051 .078 
the truck is driven. 1 6 It appears necessary, therefore, to take 
cognizance of the capacity of the truck and the number of miles 
driven if costs are to be comparedY Trucks of 11/2-ton capacity 
were capable of transporting 50 percent more per load than 1-
ton trucks and three times as much as 1I2-ton trucks. The 
capacity-ton-miles of the 11/2-ton trucks were 4,536 (3,024 
miles X 1.5 tons) compared with 3,660 and 2,720 capacity-ton-
miles, respectively, for I-ton and %-ton trucks. The cost per 
capacity-ton-mile, therefore, is 4.2 cents ($190.55/ 4,536 capacity-
ton-miles) for 1%-ton trucks, 5.1 cents ($186,85/3,660 capacity-
tOll-miles) for I-ton trucks and 7.8 cents ($211.55/2,720) for 112-
tOll trucks. 'l'he difference in costs is highly significant.1s 
The proportions of the total costs represented by deprecia-
tion, fuel, repairs and other expenses differed little between 
sizes of trucks. The cost of license per truck was much higher 
on the larger trucks; the cost of license per capacity-ton-mile 
did not differ significantly. It is also interesting to note that 
the insurance carried per truck was much higher on the light 
trucks. This is probably due to the higher speed at which they 
are driven and to the nature of their services. The insurance 
reported, however, was relatively small on each group. ]'uel 
costs comprised approximately 30 percent of the costs of operat-
ing trucks, while depreciation assumed second position and 
amounted to 28.4 percent. 
10 Y = .0718 ,'-- .00003632X, and r= -.5!. 
17 This, perhaps, is not a useful comparison for farmers with a small 
amount of light hauling. 
1. F = 30.0 by the methods of variance a nd covariance as outlined by 
Snedecor (Snedecor, G. W. Statistical Methods. Collegiate Press, Inc., Ames, 
Iowa, 1937). The costs of operating trucks were adjusted for the ton miles 
driven. The differences in the adjusted costs were highly significant--
I<' = 25.88. 
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POWER AND I-,ABOR COSTS ON HORSE, STANDARD 
TRACTOR AND GEJNERAL-PURPOSE T'RACTOR FARMS 
It was shown in the previous section that very few farms 
were operated entirely without horses and that horses on larger 
farms were usually worked more hours per year than horses on 
the smaller farms. Feed costs were proportional to the amount 
of work done by the horses. 
There was also a tendency for the larger tractors to be em-
ployed on the larger farms and, naturally, for tractors· to be 
used more hours per year on the larger farms than on the small 
farms. Duplications of power and equipment were frequently 
found on tractor farms, especially on the larger farms and on 
those farms where a tractor had bEen purchased recently. 
Trucks were also more common on large farms than on small 
ones. Even with these duplications large farms had compara-
tively less investment per crop acre in horses, tractors and 
machinery. 
Horse farms are smaller, on an average, than standard trac-
tor farms , and standard tractor farms are smaller than general-
purpose tractor farms (table 5). It should also be kept in mind 
that there are some other differences between the farms which 
have tractors and those which do not, that are not attributable 
to the tractors. Thus, there is a greater tendency for tractors 
to be adopted on farms with relatively smooth or level land 
than on rough land. The type of land is related to the crop 
yields and to the number of livestock kept. Consequently, we 
find higher crop yields and more livestock on the average 
tractor farm than on the average non-tractor farm, but these 
cannot be attributed to the tractor in :my very large measure. 
Any comparison which is intended to discover the relative 
economy of operating farms with different types of power 
must be between farms of compar able size. For further analy-
sis, each of the three t ype-of-power groups will be divided into 
TABLE 5. AVERAGE TOT AL ACRES AND CROP ACRE3 IN FARM3 OPERA TED 
WITH DIFFERE\,T TYPE3 OF POWER; 1.711 IOWA FARM MANAGE-
MENT COOPERATOR FARMS, 1936 AND 1937. 
1936 1937 
Type of power 
Acres per Crop acres Acres per Crop acres 
farm per farm farm per farm 
----- - - ------- ---
Horse 187.3 121.0 l84.2 114 . 6 
Standard tractor- 2-plow 205.9 136.0 209. 0 137.4 
Stand ard tractor- 3-plow 287 . 2 190.4 244.3 164 . 2 
General-purpose tractor-I-plow 241.2 169.0 240 .3 167 . 9 
General-purpose tractor-2-plow 279.4 195. 0 278. 4 195 .4 
General-purpose tractor-3-plow 341. 5 248.2 320 .8 233.4 
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seven size groups according to the number of crop acres per 
farm.19 
The total power and labor costs on the individual farm are, 
therefore, a composite of a number of factors. This section 
gives the power and labor costs on the various farms. It should 
be kept in mind that power and labor costs consist of: 
1. Horse costs which include feed, depreciation, chore labor, 
harness, interest, taxes, veterinary, medicine and shoeing costs. 
A sum of $5.62 is credited to each horse for manure. 
2. Machinery costs which include depreciation, repairs, in-
terest, taxes, miscellaneous expense, machine hire on crop ma-
chinery, livestock equipment and special machinery. That por-
tion of the expense for livestock equipment chargeable to 
horses is included under horse costs. In the case of machinery 
hire, occasionally some expense for labor could not be separated 
from the expense for machinery. Automobiles and tractors are 
not included in the operating costs of machinery. 
3. Tractor costs which include depreciation, r epairs, fuel, 
oil, grease, interest and taxes. 
4. Man-labor costs which include cash costs for all hired 
labor, and a charge for the labor of the operator and unpaid 
members of the family. No charge is made for wages of man-
agement. 
Income from custom work is credited to machinery, tractors 
and labor, thus reducing all these costs. 
HORSE COSTS 
There were fewer horses on tractor farms than on horse 
farms (appendix table 2). There were also fewer horses per 
100 acres of crops on large farms than on small ones. It is 
19 'rhe distribution of the cooperator farms by type of power a nd size of 
fa rm is given in a ppendix t able 1. 
TABLE 6. HORSE COSTS PER CROP ACRE ON HORSE, STANDARD TRACTOR 
AND GENERAL-PURPOSE TRACTOR FARMS; 1,711 IOWA FARM 
MANAGEMENT COOPERATOR FARMS, 1936 AND 1937.* 
!Standard tractor farms 
General-purpose 
Size of farm in Horse farms tractor farms 
crop acres , 
1936 1937 1936 1937 1936 1937 
55- 94 $ 4.49 :$ 4.61 $ 3.53 $ 3.66 $ 2 . .';3 $ 2.30 
95-134 3.82 3.97 3.05 2.86 2.16 1.86 
135-174 3.85 3.42 3.02 2.79 2.34 1.80 
175-214 3 .35 3 .39 2.72 2.38 2.01 1.66 
215-254 2.85 3 . 13 2.83 2.38 1.87 1.69 
255-334 2.81 2 .81 2.18 2.42 1. 70 1.41 
335 and over 2.59 2.39 2.15 1.93 1. 75 1.17 
*The number of farms in each group is given in appendix table I, and further descriptive 
information in following appendix tables. 
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TABLE 7. MACHINERY COSTS* PER CROP ACRE BY SIZE GROUPS ON FARMS 
OPERATED WITH DIFFERENT TYPES OF POWER, IOWA FARM 
MANAGEMENT COOPERATOR FARMS, 1936 AND 1937. 
Size of farm in Horse farms Standard tractor farms 
General-purpose 
tractor farms 
crop acres I 1936 1937 1936 1937 1936 1937 
55-- 94 $ 3.14 $ 3.45 :5 3.58 $ 4.32 S 3.19 S 3.43 
95-134 2.68 2.83 3.18 3.65 3.11 3.30 
135-174 2.36 2.43 2.93 2.90 2.92 2.89 
175-214 2.76 2.77 2.60 2.68 2.58 2.82 
215-254 2.07 2.51 2.51 2.75 2.16 2.56 
255-334 1.84 1.95 2.24 3.34 2.17 2.45 
335 and over 1.94 2.81 2.12 3.58 2.11 2.51 
*Tractor costs are not included. Machine hire such as threshing, ensilage cutting and corn 
shelling are included. The number of farms in each group is given in appendix table 1, 
and further descriptive information in following appendix tables. 
reasonable to expect horse costs per crop acre to be less on the 
farms with fewer horses per 100 crop acres. Costs of horse 
labor were much less on general-purpose tractor farms than 
on standard tractor farms and less un the standard tractor 
farms than on the horse farms. This is supported by the fig-
ures in table 6. 
MACHINERY COSTS 
Machinery costs per crop acre were generally lower on the 
larger farms than on the smaller farms. On the general-pur-
pose tractor farms in the smallest size-group these costs aver-
aged $3.19 and $3.43 per crop acre, respectively, in 1936 and 
1937. On the largest farms they were $2.11 in 1936 and $2.5] 
in 1937 (table 7). 
In the same size-group, machinery costs per crop acre were 
less on horse than on tractor farms. A large number of the 
general-purpose tractor farms included in this study had re-
cently made the transition from horse or standard tractor 
power. As a result, considerable duplication of machinery was 
found. 20 Because of this and the relatively new tractor equip-
ment the investment was relatively high (appendix table 5). 
Consequently, interest, taxes and depreciation charges were 
relatively higher than on standard tractor or horse farms. 
Tractor farms also had more special equipment (ensilage cut-
ters, feed grinders, combines, threshers and corn pickers) than 
did horse farms. 
TRACTOR COSTS 
The costs per crop acre of operating general-purpose tractors 
in 1937 ranged from $1.47 on the large farms which had ap-
'0 It was observed from the original data that a set of horse-drawn equip-
ment was generally found in addition to the tractor equipment. This was 
particularly true on farms where a general-purpose tractor had been pur-
chased recently. 
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TABLE 8. TRACTOR COSTS PER CROP ACRE BY SIZE GROUPS ON FARMS OPER-
ATED WITH DIFFERENT TYPES OF TRACTORS; IOWA FARM 
MANAGEMENT COOPERATOR FARMS, 1936 AND 1937* 
Standard tractor farms General-purpose tractor farms 
Size of farm in crop acres 
I l-w--1936 1937 1936 
55- 94 $ 2.00 $ 1. 79 $ 2.16 $ 2.25 
95-134 1. 53 1.57 2.17 2.18 
135-174 1.55 1.29 2.03 1. 79 
175-214 1.34 1.27 1.86 1.78 
215-254 1.36 1. 21 1.45 1.59 
255-334 1.31 .98 1.57 1.67 
335 and over 1.39 1. 31 1.60 1.47 
*The number of farms in each group is given in appendix table I, and further descriptive 
information in following appendix tables. 
proximately 395 crop acres to $2.25 on the small farms which 
had about 75 acres in crops. In the same year the costs of 
operating standard tractors ranged from $1.31 per crop acre 
on the larger farms to $1.79 per crop acre on the smallest farms 
with approximately 75 acres in crops (table 8) . Between the 
same size-groups, costs of operating standard tractors were less 
than the costs of operating general-purpose tractors.21 
MAN·LABOR COSTS 
Man-labor costs per crop acre were lower on the larger farms 
than on the smaller ones. Within the size-groups man-labor 
costs were generally higher on standard tractor farms than on 
either horse or general-purpose tractor farms. These differ-
ences must be taken with considerable reservation because un-
due advantage is given to general-purpose tractor farms. Ap-
proximately 50 percent of the general-purpose farms are larger 
21 General-purpose tractors are employed in a greater variety of uses and 
are used many more hours than standard tractors. 
TABLE 9. MAN LABOR COSTS PER CROP ACRE" BY SIZE GROUP3 ON IOWA 
FARM MANAGEMENT COOPERATOR FARMS OPERATED WITH 
DIFFERENT TYPES OF POWER 1936 AND 1937. 
Size of farm in 
crop acres 
I I Gener:11-purpose 
I Horse farms Standard tractor farms tr::ctor farms 1936 i 1937 I 1936 I 1937 --1-93-'6'--+-10- 3-7-
-55---9-4- - ---1-$- 9-.9-0.- $l~291 $11.32 $11.34 - $- 9.'-96---$-9-.3-7-
95-134 7.06 7.61 8.19 8.00 7.60 8.08 
135-174 5.56 6.81 6.12 7.09 6.68 6.98 
175-214 5.83 6.87 5.62 5.84 5.87 6.23 
215-254 5.33 5.83 6.89 6.43 4 . 81 6.03 
255-334 5.80 5.25 5.22 6.00 4.60 5.32 
335 and over 3.00 2.00 4.33 6.50 4.41 4.45 
*These costs include man labor used in both crop and livestock production. The number 
of farms in each group is given in appendix table I, and further descriptive information in 
following appendix tables. 
339 
than 175 crop acres compared with 28 percent for standard 
tractor farms and 12 percent for horse farms (appendix table 
1). Labor comprised approximately 50 percent of the total 
power and labor costs. The costs were higher in 1937 than in 
1936 (table 9). 
On the whole there was no consistent relationship between 
man-labor costs and the types of power employed on these 
farms. This might prove surprising, since it has often been 
Htated that one of the chief ways in which tractors can reduce 
operating costs is through saving man-labor costs. It will b r. 
demonstrated later that one man and g tractor performed spe-
cific field operations in less time than one man and the average 
size hitch of horses (see tables 17 to 20). 
Why is this reduction in labor not reflected in a pro-
portionate reduction in labor costs in table 9? Three reasons 
come to mind. 1. Perhaps many of the farmers had not operat-
ed with tractors long enough to make the adjustments needed to 
enable them to r educe the peak labor requirement. On these 
farms studied over 62 percent of the labor employed was 
operator and family labor. 2. On numerous farms almost the 
entire labor supply consisted of the operator and his family. 
This means rigidity in labor supply. 3. Perhaps part of the 
extra labor released by tractors in field work was absorbed in 
handling the extra livestock maintained on tractor farms. 
Hurst and Church22 in 1933 demonstrated quite clearly that 
mechanical power has supplanted considerable man-labor in 
agriculture. Part of the results of the displacement of labor 
by mechanical devices has been hidden in the increased size of 
the farm plant. 
INFLUENCE OF THE NUMBER OF PRODUCTIVE LIVESTOCK23 
ON MAN-LABOR COST,S 
There was more livestock other than horses on tractor farms 
than on horse farms of comparable size and more livestock per 
100 acres on small farms than on large farms. Consequently, 
on farms with a given crop acreage, more feed was given to 
productive livestock on the tractor farms than on horse farms. 
(appendix fig. 3.) Some of these differences, as explained 
earlier, may be attributable to differences in the farms them-
selves rather than to the presence or absence of a tractor. But 
since the tractor farms have fewer horses, they also have more 
feed available for other livestock. 
To this point, all power costs have been presented without 
reference to variations in the number of livestock on the re-
"" Hurst, W. M., and Church, L. M. Power a nd machinery in agriculture. 
U. S. Dept. of Agr., Misc. Pub. 157, 1933. 
23 Livestock other than horses. 
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spective farms. In order to compare power and labor costs 
between farms with different types of power it is necessary to 
place the farms on comparable bases. It is therefore necessary 
to account for any influences on costs not directly associated 
with or a part of the power costs. 
Part of the labor utilized on the farms in this study was em-
ployed in the husbandry of livestock.24 The extent to which 
livestock numbers affected man-labor costs is shown in fig. 5. 
Three things are brought out in this figure: (1) Man-labor 
costs per crop acre are higher on the smaller farms than on the 
larger farms (see also table 9) ; (2) these costs increase as the 
amounts of livestock increase,25 and (3) man-labor costs per 
crop acre on the smaller farms generally rise faster as the num-
bers of livestock increase than is the case on larger farms.26 
This means merely that where the number of acres is smaller, 
the labor cost per unit of livestock added to the farm amounts 
to more per acre than where there is a larger number of acres 
over which to distribute it. 
Figure 5, showing the changes in man-labor costs that accom-
pany changes in the amounts of livestock, can be employed to 
adjust man-labor costs in table 9 for variations in the amount 
of livestock on the respective farms.27 For example, the value 
of feed fed to productive livestock in 1937 on farms with 135 
to 174 acres in crops was $19.92 per crop acre on horse farms, 
$23.33 on standard tractor farms and $21.90 on general-purpose 
tractor farms (appendix fig. 3). Man-labor costs were lower 
on horse farms but these kept fewer livestock. The average 
value of feed fed per crop acre to livestock on these farms was 
$21.84. By referring to fig .. 5 it will be noted that, for the 
farms with 135 to 174 acres in crops, a change of $1 in feed fed 
. ,. In order to determine the joint relationship and influence of size of farm 
and amount of livestock on man labor costs, the quantity of livestock (indi-
cated by value of feed fed) and labor costs on each farm were reduced to a 
crop acre basis. These data were then treated by the method of covariance 
as outlined by Snedecor (Snedecor, G .. W. Statistical methods. Collegiate 
Press, Inc., Ames, Iowa. 1937), for determining and adjusting for the in-
fluence of one variable upon another. This method makes it possible to study 
the influence of the amount of livestock on man-labor costs for various size-
groups as well as for the farms operated with different types of power. 
2. Value of feed fed is employed as an indication of amounts of livestock 
husbanded on these farms. The average number of animal units on 196 Farm 
Management Association farms in 1935 was correlated with the value of feed 
fed to productive livestock on the respective farms. The correlation coeffi-
cient was .95 and the regression e'quation Y = 66.9 2 X - 51.00. Y = value 
of feed (in dollars) fed to productive livestock. X = animal units. 
2. Certain machinery and equipment are used only in the production of 
livestock while other machinery is used partly in crop production and partly 
in livestock production. In determining the influence of livestock on power 
and labor costs livestock 'machinery and equipment plus a few items in special 
machinery such as ensilage cutters or feed grinders should have been included 
with man-labor costs as a dependent variable. In these records, in most in-
stances, it was practically impossible to separate livestock machinery and 
equipment costs from other machinery costs. 
27 The regressions in fig. 5 were computed by the method of least 
squares. The adjustments in labor costs for amounts of livestock were ac-
complished with the aid of the regression equations. 
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Fig. 5. How the amount of livestock carried influenced man-labor costs 
on seven groups of farms of different sizes, 1937. As the amount of live-
stock increased, man-labor costs increased, but the costs increased more rap-
idly on the small farms than on the large ones. 
per acre is associated with an increase of 9.3 cents in man-
labor costs per crop acre.28 On the horse farms of this size-
group $1.92 ($21.84 -- $19.92) less feed per crop acre was 
needed than the average for this size-group. Consequently, the 
man-labor costs should be increased 18 cents ($1.92 X .093) 
per acre in order to make them comparable in regard to 
amounts of livestock. This makes the adjusted man-labor costs 
$6.99 ($6.81+.18) per crop acre (table 10). On the standard 
tractor farms of this same size-group $1.49 ($23.33 -- $21.84) 
more feed was fed per crop acre than the average on all farms 
of this size-group. Therefore, a reduction of 14 cents 
($1.49 X .093) should be made in the man-labor costs per crop 
acre, making the adjusted cost $6.95 ($7.09 -- .14). 
Similar adjustments were made for other size-groups and for 
the totals for 1936 and 1937. The adjusted figures appear in 
table 10 and indicate the man-labor costs which might be ex-
pected if all farms within each size-group had the same amount~ 
of livestock. 
28 These regressions were tested and found linear in configuration. There 
was no difference in regression coefficients within the same size-groups be-
tween types of power. 
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TABLE 10. ADJUSTED* MAN-LABOR COSTS EXPRESSED PER CROP ACRE, BY 
SIZE GROUPS, ON FARMS OPERATED WITH DIFFERENT TYPES OF 
POWER; IOWA FARM MANAGEMENT COOPERATOR 
FARMS, 1936 AND 1937. 
Size of farm in Horse farms Standard tractor farms 
General-purpose 
t.ractor farms 
crop acres 
- l936 1 1937 1936 1937 1936 1937 
55- 94 $10.16 $11.33 $10.78 511.11 $ 9.75 $ 9.43 
95-134 7.18 7.78 8.01 8.07 7.59 7.95 
135-174 6.09 6.99 5.32 6.95 6.54 6.92 
175--214 5.79 6.95 5.66 6.03 5.86 6.17 
215--254 5.62 5.69 6.81 6.81 4.82 6.00 
251;-334 6.23 5 .. 58 5 . 14 6.17 4.58 5.28 
335 and over 3.23 2.42 4.48 6.54 4 .39 4.44 
*These data have been adjusted for the influence on !abor costs of variations in amounts of 
livestock on the actual farms. The number of farms in each group is given in appendix 
table 1, and other descriptivE' information in following appendix tables. 
In most cases, elimination of the influence of the amount of 
livestock made no very great difference in the man-labor cost;; 
per crop acre on farms of the same size but operated with dif-
ferent types of power. The adjusted data, however, indicate 
that within the same size-groups labor costs per crop acre did 
not, in most instances, differ significantly between farms op-
erated with different types of power. 
TOTAL POWER AND LABOR COSTS ON HORSE, STANDARD 
TRACTOR AND GENERAL-PURPOSE TRACTOR FARMS 
AFTER CORRECTION FOR INFLUENCE OF VARIATIONS 
IN AMOUNTS OF LIVESTOCK 
Table 11 gives the total power and labor costs per crop acre 
on each size-group for each type of power. These figures have 
been adjusted for the influence on man-labor costs of the 
TABLE 11. ADJUSTED ANNUAL TOTAL COSTS OF USE OF MAN LABOR, HORSES ., 
TRACTORS AND MACHINERY PER CROP ACRE BY SIZE GROUPS ON 
FARMS OPERATED WITH DIFFERENT TYPES OF POWER. 
Size of farm in 
crop acres 
55- 94 
95-134 
135-174 
175-2114 
21.5-254 
255--334 
335 and over 
DATA FROM 1711 IOWA FARM MANAGEMENT 
COOPERATOR FARMS, 1936 AND 1937.* 
I I General-purpose 
Horse Carms Standard tractor farms tractor farms 
I 1936 I_~ -----w3-6 - I 1937 1936 1937 
$17.79 $1.9.39 $10.89 $20 .88 517.63 $17 .41 
i3.68 14.58 15.77 16.15 15.03 15.29 
12. 30 12.84 13.16 13.93 13.83 13.40 
11.90 13.11 12.33 12.36 12.31 12.43 
10.54 11.33 13.51 13.15 10.30 11. 84 
10.88 10 .34 10 .87 12.01 10.02 10.81 
7.76 7.62 10.14 
1 
13.36 9.85 9.59 
*The number of farm s and other descriptive information regarding each group of farms may 
be found in the appendix table 1 and following tables. 
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amounts of livestock on each farm, and, therefore, should place 
the farms operated by the different types of power on a com-
parable basis. 
There is a wide range in power and labor costs between dif-
ferent sizes of farms operated with the same type of power. 
Total power and labor costs ranged from about $9 per crop acre 
on the largest to $19 on the smallest farms. This variation in 
power and labor costs between sizes of farms is largely due to 
the fact that, regardless of size, a farm requires a rather gen-
eral inventory of machinery, equipment and power and large 
farms require relatively less per acre of crops than small farms. 
It should also be added that a large proportion of the costs of 
employing this equipment is fixed. 
Within the same size-group there seemed to be a consistent 
tendency for total power and labor costs for the entire farm 
to be higher when expressed per crop aere on standard tractor 
farms than on horse farms or general-purpose tractor farms . It 
also tends to be higher on general-purpose tractor farms than 
on horse farms that had less than 175 crop acres. 
In the power and labor costs in table 11 account has been 
t!:tken of income from custom work. The amount of fall work 
done each year on the respective farms was not considered. 
COMPARISON OF ORGANIZATION AND MANAGEMENT 
ON FARMS MATCHED FOR SIZE AND FOR AMOUNTS 
OF LIVESTOCK BUT OPERATED WITH DIF-
FERENT TYPES OF POWER 
It was recognized that discrepancies might have been intro-
duced into the analyses of the previous sections by unlike dis-
tributions of farms operated with different types of power. 
:B"'or example, even though the farms, both in number and type 
of power, were distributed over the entire state (fig. 2), it is 
possible, in the previous comparison by size-groups, that horse 
farms of one area might have been compared with standard 
tractor farms of another area and with general-purpose tractor 
farms of still another area. 
It was found that horse farms were generally smaller than 
standard tractor farms and that standard tractor farms were 
generally smaller than general-purpose tractor farms. There-
fore, relatively more of the horse and standard tractor farms 
than of the general-purpose tractor farms were found in the 
small size-groups. Power and labor costs were inversely related 
to the size of farm. Consequently, the averages of all farms 
give undue weight to general-purpose tractor farms . To avoid 
such possible discrepancies and to m&ke certain comparisons 
with respect to power and labor costs, crop yields, use of land 
and sources and amounts of income between farms operated 
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with different types of power, from 25 to 50 farms with equiva-
lent amounts of crop acres and livestock were selected for each 
type of power. In studying crop yields the farms were also 
matched for location. 
COMPARISON WITH RESPECT TO CERTAIN SELECTED 
FACTORS OF MATCHED FARMS 
The average investment per farm in crop machinery for the 
2 years was $640 on horse farms, $728 and $792, respectively, 
on standard tractor and general-purpose tractor farms (table 
12). The investment in livestock equipment was only slightly 
higher on tractor than on horse farms. The investment in spe-
cial equipment was considerably higher on tractor farms. This 
indicates that one or more of the following may have been true: 
Tractor farms may have had newer and more expensive machin-
ery, some machinery may have been duplicated on tractor farms 
or tractor farmers may be more inclined to purchase machinery. 
Even with the added investment in machinery on tractor 
farms, machinery operating costs were less than on the horse 
farms. Labor costs were slightly higher on horse farms.29 The 
reductions in horse costs on tractor farms were more than offset 
by addition of tractor costs. There was no significant differ-
ence in total power and labor costs between hor::: e farms and 
tractor farms. 
COST VARIES WITH LENGTH OF TIME A GIVEN TYPE OF 
POWER HAS BEEN EMPLOYED 
The previous sections have shown that there was no great dif-
ference in power and labor costs on farms operated with horses 
or tractors. The advantage of general-purpose tractors over 
horses or standard tractors rests in their ability to perform 
more numerous operations, thereby reducing the amount of 
horse labor, and in thcir ability to perform the work in less 
time than horses, thereby reducing the amount of man-labor. 
It is not to be expected, however, that a farmer immediately 
upon buying a tractor (especially a general-purpose tractor) 
will completely adjust his power outfit to the most efficient unit. 
This has been emphasized time and again. It has also been em-
phasized that there is considerable duplication of machinery 
and equipment on farms where tractors have recently been ac-
quired. That these two statements are well founded is shown 
in table 12. 
The general-purpose tractor farms have been divided into 
two groups: Those on which general-purpose tractors have 
been used 2 years or less and those farms on which general-
2. Family a nd operator labor comprised 58 percent of the total labor in 
each group. 
TABLE 12. CERTAIN SELECTED FACTORS ON FARM S OPERA TED WITH DIFFERENT TYPES OF POWER; IOWA FARM MANAGEMENT 
ASSOCIATION FARMS, 1936 AND 1937 . 
1936 
Type of power Horse Standard General-purpose Horse 
tractors tractors 
Number of farms 26 31 51 28 
Crop acres per farm 168 171 171 170 
Total acres per farm 246 248 253 257 
Investment in: 
Crop machinery $ 618 $ 702 $ 769 $ 661 
Livestock equipment 253 247 275 250 
Special machinery 152 284 249 206 
Tractors - 372 578 --
Feed fed per crop a cre 23 . 66 24.42 23.83 26.22 
Number of work horses 6.6 5.3 3 . 8 6 . 9 
Months of man labor 28 .1 27.3 26.4 30.8 
Crop acres per man 89.6 96.2 94 . 3 75.8 
Return per $100 feed fed t 
I 
t t $ 124 
Costs per crop acre: 
Machinery' 3 . 19 2.95 3 . 14 
Tractor -- 1. 31 1.94 
Horse 3 .85 2 . 85 2.07 
Man Labor 6 . 99 6.73 I 6.59 
Total $ 14.03 $ 13.84 I $ 13.74 
*Farms on which general·purpose tractors have been operated 2 years or less (average 1. 4). 
tFarms on which general-purpose tractors have been operated 4 years or more (average 6.0). 
tInformation not obtained in 1936. 
IInciudes machine hire such as threshing, corn shelling and ensilage cutting. 
3.85 
--
3.42 
7.77 
$ 15.04 
1937 
I I Newer 
Older 
Standard general-purpose general-purpose 
tractors tractors* tractorst 
39 44' 45t 
171 166 172 
248 247 238 
$ 753 $ 887 $ 745 
272 278 278 
292 261 222 
394 745 521 
27.42 27.08 26.70 
5.0 4.2 2.7 
28.6 29.8 25.4 
81.0 78.3 90.8 
$125 $ 126 $ 125 
3.60 3 . 45 2 . 95 
1.62 1.97 1. 79 
2.32 1.98 1. 21 
7.26 7.61 6.22 
$ 14.80 . $ 15 . 01 $ 12 . 17 
-
c..:I 
~ 
c.n 
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purpose tractors have been employed 4 years or more. 
Machinery investment was decidedly higher on the farms 
where general-purpose tractors had been adopted recently than 
on those where the tractors had been used 4 years or more. The 
latter group of farmers had also made significant reduction over 
farmers operating with other power units in both labor and 
horse requirements (r eduction in horses as shown in appendix 
fig. 2). As a r esult of these adjustments farmers who had op-
erated their farms at least 4 years with general-purpose trac-
tors had power and labor costs almost $3 p er crop acre lower 
than the other groups.30 
The farms considered in table 12, however, contain approxi-
mately 170 crop acres and are considerably larger than the 
average farm operated with horses or with standard tractors. 
Farms with 170 or more crop acres apparently can be operated 
with lower power and labor costs when operated with general . 
purpose tractors. 31 Can farms with less than 170 crop acres be 
operated as economically with general-purpose tractors. if prop-
er adjustments are made, as with horses or standard tract orR ~ 
Information from two more groups of matched farms should 
give some light on this question. 
TABLE 12a. POWER AND LABOR COSTS PER CROP ACRE ON IOWA FARM 
MANAGEMENT FARMS. 1937 
Horse Standard General-
farms tractor purpose 
farmR newer* 
----
Number of farms 24 20 22 
Crop acres per farm 116 119 114 
Costs per crop acre: 
Machinery S 3.91 $ 3.79 $ 3.63 
TraeGor - - 1. 91 2.48 
Horse 3.96 2.67 
I 
2 .2R 
Labor 9.07 8.51 8.60 
Total $16.94 $16.88 $16.99 
*Farms on which a general-purpose tract.or has been used 2 years or less. 
tFarms on whi ch a general-purpose tractor has been used 4 years or more. 
Tractor 
farms 
aIded 
20 
119 
$ 3.83 
1. 89 
1. 26 
7.99 
$14.97 
A similar tabulation was made on approximately 14 farms in 
each of these power groups shown above on farms which had. 
about 80 acres in crops. The total power and labor costs were 
$21.24 and $19.86, r espectively, on horse and standard tractor 
farms and $16.81 and $17.90, r espectively, on general-purpose 
tractor farms where these tractors had been used 2 years or less 
and 4 years or more. 
It appears that farms as small as 80 acres in crops can be 
30 The difference is highly significant. 
31 It should be pointed out tha t horse farmers who were quite proficient 
in using horses and who raised colts might h ave compara tively' low power 
costs. Too few colts were r a ised on the farms in these groups to attempt 
such a comparison. 
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operated with general-purpose tractors at power and labor 
costs as low as when operated with horses or standard tractors. 
RELATIONSHIP OF TYPE OF POWER ON USE OF LAND 
There was practically no difference in the use of land among 
farms operated with different types of power, 32 as may be seen 
from table 13. Two years' data, of course, do not permit a 
study of any sustained trends. '1'he typical land use plan in 
table 13 seems to be a 4-year rotation of corn, small grain, hay 
and pasture. 
INFLUENCE OF TYPE OF POWER ON CROP YIELDS 
It is frequently said that tractors can perform more field 
work per hour than horses and that tractors can work indefi-
nite periods without exhaustion. Also, farmers operating trac-
tors find it easier to perform their field work at the opportune 
time, thereby increasing crop yields and income. These as-
sumptions presuppose that this opportune time is of short dura-
tion, and that farmers operating with horses as their only 
source of tractive power do not have sufficient horsepower to 
accommodate this "peak load." There are, on the other hand, 
weather conditions under which horses can be worked at opera-
tions when a tractor cannot. This, however, is less often true 
with modern tractors than formerly with older types. 
The "peak load" in many instances is influenced largely by 
weather conditions. The question arises, are these "peak 
loads" or "off years" sufficiently numerous to be of any great 
significance? 
Crop yields are extremely variable. In 1936 corn yields 
varied almost from 0 to 65 bushels per acre because of the 
drouth. Yields of oats were just as erratic. Due to climatic 
conditions of a different nature, yields in 1937 were less erratic 
than in 1936. In both 1936 and 1937 yields of corn and oats 
exhibited in table 13 tended to be higher on tractor than on 
horse farms. The differences were not statistically significant. 
Table 14 gives the yields of corn and oats on 20 Farm Man-
agement Association33 farms in each type-of-power group in 
1936 and 24 association farms in each power group in 1937. 
These farms have the same number of acres in crops and same 
amount of livestock. 34 When possible, the farms were matched 
for location. Statistical methods (analyses of variance as out-
"' 'l'he other groups of farms reflected similar uses of land . 
•• Mississippi Valley. Cedar Valley. North East Dairy and Central Iowa 
Farm Business Associations . 
.. Approximately 166 acres in crops and $3.900 feed fed to productive 
livestock. 
TABLE 13. LAND UTILIZATION AND CROP YIELDS ON FARMS OPERATED WITH DIFFERENT TYPES OF POWER; IOWA FARM 
MANAGEMENT ASSOCIATION FARMS, 1936 AND 1937. 
I 1936 
Type of power Horse Standard General-purpose 
tractoTs tractors 
Number of farms 26 31 51 
Crop acres: 168.2' 170.6 170.7 
Corn 79 .9 78.2 81.5 
Oats 42 .3 46.2 41.6 
Barley 3 . 1 3 . 8 4.6 
Other crops 10.5 12.8 13 .6 
Hay 32 .4 29.6 29.4 
Rotated pasture 19 .7 20.3 17 .6 
Gross value of crops per crop acre 5 21.17 5 24.79 $ 23.82 
Corn yield per acre, bu. 34 . 6 39.7 38.1 
Oats yield per acre, bu. 29.4 38.4 38.2 
Feed fed per crop acre S 23.66 S 24.42 $ 23.83 
*Farms on which general-purpose tractor has been operated 2 years or less. 
tFarms on which general-purpose tractor has been operated 4 years or more. 
I 
._---
1937 
---
Newer Older 
Horse Standard general-purpose general-purpoBI 
tractors tractors* tractorst 
28 39 44 45 
169.6 170.8 166.0 171.9 
74 .3 77.7 81.2 86.5 
39.0 38.6 41.0 41.2 
5.2 7.0 5.5 5.7 
20.5 22.5 12.1 16.8 
30.6 25.0 26.2 21. 7 
18.3 20.2 23.6 21.8 
:$ 20.16 $ 22.71 $ 23.84 $ 22.67 
57.3 64 .5 66.4 62.4 
46.4 51.0 57.4 53.1 
$ 26 .22 $ 27.42 $ 27.08 $ 26.70 
-
~ 
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TABLE 14. YIELDS OF CORN AND OATS ON IOWA FARM MANAGEMENT ASSOC-
IATION FARMS OPERATED WITH DIFFERENT TYPES OF 
POWER, 1936 AND 1937. 
(Farms Bre matched in size, amount of livestock, and location) , 
1936: 20 farms in each 1937: 24 farms in each 
type-of-power group type-of-power group 
General- General-
Standard purpose Standard purpose 
H orses tractOTs tractors Horses tractors tractors 
Corn yield per 
acre, bu. 33.3 39 .9 39.7 58.0 60.8 62 .7 
Oats yield per 
acre, bu. 36.8 38 . 5 41.1 49.3 52.9 54.8 
lined by Snedecor35 ) were employed to isolate differences in 
yields between locations and types of power. 
The yields of both corn and oats were higher in 1937 than 
in 1936, and there was a sustained tendency for yields to be 
higher on tractor than on horse farms. The differences were 
not statistically significant but were persistent and consistent 
with differences found among the larger groups of cooperator 
records for 1936 and 1937.36 This is in line with the statement 
made earlier that there is a greater tenilency for tractors to be 
adopted on smoother and more productive farms than on rough-
er and less productive ones. 
LIVESTOCK ENTERPRISES AND SOURCES AND AMOUNTS OF 
INCOME ON FARMS OPERATED WITH DIFFERENT 
'l'YPES OF POWER 
It is difficult to base any conclusions on income figures from 
only 1 year. Income figures for 1936 were badly distorted be-
35 Snedecor, G. W. Statistical methods. Collegiate Press, Inc., Ames, 
Iowa. 1937. 
3. These yields are considerably above the state average. In 1936 the 
state average yields of corn and oats were 16.3 bushels and 27.7 bushels, re-
spectively. 
Corn and oats yields were tabulated for 724 cooperator farm records in 
1936 and 951 in 1937, and were as follows: 
1936 1937 
I Standard i General- General-Horse purpose Horse Standard I purpose farms tractor tractor farms tractor tr.artor 
farms farms farms farms 
-----
Corn yield per 
acre, bu. 19.7 27.8 25.8 49 .3 53.6 57.8 
Oats yield per 
acre, bu. 26.4 33 .6 33.6 42.7 45.1 49.5 
*~he .differences in yields between farms operated with different types of power are highly 
81gmficant. 
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TABLE 15. SOURCES AND AMOUNTS OF INCOME ON FARMS OPERATED WITH 
DIFFERENT TYPES OF POWER ON IOWA FARM MANAGEMENT 
ASSOCIATION FARMS, 1937. 
~tandard Newer gencral- Older general-
Type of power Horse tractors purpose 
tractors* 
Number of farms 28 39 44 
Crop acres per farm 170 171 166 
Sources of income: 
Hogs $ 2510 $ 2276 $ 2645 
Cattle 1822 242.5 2381 
Sheep 173 42 63 
Dairy products 799 589 7R3 
Poultry and eggs 430 310 279 
Corn 70 145 219 
Other crops 271 363 378 
Miscellaneous 306 295 312 
Total $ 6381 $ 6445 $ 7060 
Livestock increase per man $ 2142 :> 2362 $ 2424 
*Farms on which a general-purpose tractor has been employed 2 years or less . 
tFarms on which a general-purpose tractor has been employed 4 years or more. 
purpose 
tractorst 
45 
172 
$ 2537 
2126 
166 
737 
376 
168 
419 
353 
$ 6882 
$ 2339 
cause of the severe drouth. The sources and amounts of incom~ 
in 1937 for the farms in each of the type-of-power groups are 
shown in table 15. Even though these farmers fed approxi-
mately the same amount of feed (as measured in value) to their 
livestock, income from livestock varied between farms. This 
income might vary because of differenccs in kinds or care and 
management of the livestock. Income might also vary due to 
changes in inventories. 
Table 15 reflects two differences in sources of income. Farm-
ers operating with tractors received more income from beef cat-
tle and corn and other crops. 
Gross income was largest on general-purpose tractor farms 
and smallest on horse farms. The difference in gross incomr 
between ho:r:se and standard tractor fal~ms was not significant. 
It should be borne in mind that tractor farms with the same 
crop production sells more livestock than horse farmers. But 
then it is necessary for them to use part of the proceeds to pur-
chase fuel for the tractor so that net returns are less affected 
by purchase of a tractor than is the gross income. 
PERFORMANCES OF TRACTORS AND HORSES IN 
FIELD WORK 
It was shown in the previous secti('l1s that there is a wide 
variation in power and labor costs between farms operated 
with the same type of power. It was also shown that two of 
the major reasons for these differences were variations in power 
and equipment and the amount of use made of the power and 
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equipment. It was emphasized that considerable duplication 
of equipment was found on tractor farms, especially on those 
where a general-purpose tractor had been acquired recently. 
This resulted in comparatively high power and machinery costs. 
The profit of the farm business is greatly influenced by the ef-
fectiveness with which power and labor are used. The day-to-day 
planning and management of the farm power and labor has much 
to do with the amount of work accomplished. But the accom-
plishment also varies because of the amount of power used and 
the size and type of equipment through which it is applied. 
PROPORTION OF FIELD OPERATIONS PERFORMED BY 
TRACTORS AND BY HORSESS7 
Even though a few Iowa farmers operated their farms entire-
ly without horses, most farmers still find it advantageous to 
perform some field operations with horses. 
It is almost a universal practice to do the plowing and disk-
ing with tractors. In general, horses do less of the heavy draw-
bar work (table 16). The standard type of tractor is limited in 
the work it can perform effectively on the average Iowa farm. 
Since horses must be kept to do the remainder of the work, 
standard tractors probably are better adapted to large rather 
than small farms. In general, the standard type tractor is not 
economical for the row-crop producer. The wide range in 
adaptability of the general-purpose type tractor is further 
shown by a comparison of the percentages of field operations 
performed by horses and tractors. Since the general-purpose 
tractor can be used for various purposes it permits the disposal 
of more horses per given size farm (appendix fig. 2), and per-
mits an increase in the number of hours the tractor can be used 
per year. That all farmers do not obtain full benefit of the 
general-purpose tractor is evidenced by the fact that 18.4 per-
cent of the cultivation of corn, 28 percent of the harrowing and 
19.9 percent of the binding was still done by horses on farms 
with general-purpose tractors among the 128 farms for which 
data are shown in table 16. 
RATES OF PERFORMING FIELD OPERATIONS WITH TRACTORS 
AND wrTH HORSES 
The rate at which field operations are performed depends on 
many factors, as number of horses in the team, size of tractors, 
size of equipment, size and shape of fields, topographic condi· 
tions and type and condition of soil. For greatest mechanical 
37 Data in this section are based upon survey records obtained in several 
Iowa counties. From a National Research Project Survey approximately 200 
records were obtained in Iowa, largely taken in Iowa and Pocahontas Coun-
ties. Additional surveys were made on approximately 50 farms in counties 
in central and eastern Iowa. 
TABLE 16. PROPORTION OF DIFFERENT FIELD OPERATIONS PERFORMED BY TRACTORS AND BY HORSES ON 
128 IOWA FARMS* I N 1936. 
68 Standard tractor farms 60 General-purpose tractor fa.rms 
Number of 
Type of operation times over Percent of work done by Percent of work done by 
Total acrest Total acrest 
Tra.ctors Horses Tractors Horses 
Disking 2.3 21,211 85 15 26,727 97 3 
Plowing 1.0 5,865 99 1 7,862 99 1 
Harrowing 2.5 20,384 21 79 25,180 72 28 
Planting corn 1.0 5,650 0 100 7,391 15 85 
Planting oats 1.0 3,433 0 100 5,177 4 96 
Cultivating corn 3.5 19,163 0 100 25,976 82 18 
Binding oats 1.0 3,540 51 49 4,792 81 19 
*Data from survey records. 
tAcres once over = acres X number of times the operation is performed. 
c..:> 
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TABLE 17. RATES OF PERFORMING FIELD OPERATIONS ON FARMS OPER-
ATED WITH 2-PLOW GENERAL-PURPOSE AND 2-PLOW 
STANDARD TRACTORS, 1936. 
59 Standard tractor farms 
Operation Size of 
implement Total acre. 
I 
Acres per 
covered* lO-hour day 
Plowing 2-14-inch 4196 8 .5t 
Plowing 2· IS-inch 466 9.9t 
Disking (single) 100foot 6164 22.9 
Disking (single) 15-foot 5914 37.0 
Disking (tandem) 8-foot 5180 18.3 
Harrowing 20-foot 3374 43.5 
Planting 3-row - --
Cultivating 2-row -- -
Cultivating 3-row - --
Binding 8-foot 1218 18 . 1 
Corn picking I-row - -
Corn picking 2-row - -
*Acree in respective crop times number of times over. 
t Average depth of plowing was 5.7 inches. 
54 General-purpose 
tractor farms 
, 
Total acres Acres per 
covered* lO-hour day 
5240 8 .6t 
1472 10.6t 
9260 32 .2 
8223 41.7 
7142 23 .3 
18136 66 .6 
1136 27.8 
15957 19.5 
5251 31.2 
3885 21.3 
1023 4.2 
2566 7.4 
efficiency the various implements chosen should be those which 
are adapted to the power unit. Frequently, old or obsolete 
equipment of improper size or type is employed until there are 
favorable opportunities to replace it. This is particularly true 
of certain horse equipment which is used with tractors. 
Table 17 shows the rate at which various field operations 
were performed with 2-plow standard tractors and with 2-plow 
general-purpose tractors. The general-purpose tractors usually 
get the field work done quicker than standard tractors. On 
jobs requiring relatively large amounts of drawbar pull the 
difference is not great (contrast the two types of tractors on 
rates of plowing and disking) but the difference increases as 
the loads become lighter (compare rates of harrowing). Gen-
eral-purpose tractors, in most instance~, were newer and could 
travel faster than standard tractors. 
Horses can be worked in various sized hitches. While this is 
an advantage, it accounts for a wide variation in amounts of 
field work accomplished in a given time. The more common 
types of hitches used on horse farms, the total acres covered 
and the acres covered per lO-hour day in performing selected 
field operations are given in table 18. On the operations 
studied the addition of a horse materially increased the per-
formance of the team and driver. These figures are in line with 
those found in other studies. 3s 
3. Johnston, P. E., a nd Wells, J. E. A study of the cost of horse and 
tractor power on Illinois farms. Ill. Agr. Exp. Sta., Bu!. 395. 1933. 
Lloyd, O. G., and Hobsen, L. G. Relation of farm power and farm organi-
zation in central Indiana. Ind. Agr. Elxp. Stu., Bu!. 332. 1929. 
Reynoldson, L. A., Humphries, W. R., Spellman, S. R., McComas, E. W., 
and Youngman, W. H. Utilization and cost of power on Corn Belt farms. U. S. 
Dept. Agr., Tech. Bu!. 384. 1933. 
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TABLE 18. RATES OF PERFORMING FIELD OPERATIONS ON 53 FARMS OPER-
ATED EXCLUSIVELY WITH HORSE-DRAWN IMPLEMENTS, 1936. 
Size 01 Number 01 
Operation implement horses 
---------
Plowing 2-14-inch 5 
Plowing 1-16-inch 4 
Discing (single) 8-loot 4 
Discing (single) 1O-loot 5 
Harrowing 20-loot 4 
Planting 2-row .. 2 
Cultivating I-row J 2 
Cultivating 2-row 3 
Seeding, endgate 
--
2 
Binding, grain 8-foot 4 
*Acres in respective crop multiplied by number of times over. 
tApproximate depth was 5.7 inches. 
Total acres IAcres covered 
covered* per IO-hour 
day 
1753 5.2t 
521 3.4t 
2740 11.4 
2471 17 .8 
4136 35.7 
3200 16.7 
4267 7.1 
2180 15.4 
1730 41.6 
1644 16.7 
Figure 6 represents graphically the rates at which a few com-
mon field operations are performed with horses, standard trac-
tors and general-purpose tractors. Again it will be noticed that 
as the loads become lighter the advantage in speed of the tractors 
over horses increases. Horses are capable of being hitched in 
numbers to accommodate the load. In cases of heavy plowing it 
is possible to increase the number of horses to maintain their 
speed. On the other hand, increasing the number of horses in 
the hitch on lighter work (harrowing, for example) does not 
increase the rate at which the work is performed. 
POWER AND LABOR EXPENDED IN THE PRODUCTION OF 
CORN AND OATS 
The use of mechanical power rather than horsepower reduces 
very significantly the amount of labor necessary to raise an acre 
of corn. The number of man hours and drawbar horsepower 
hours utilized in the production of corn on farms operated with 
horses, standard tractors and general-purpose tractors is given 
in table 19. 
'l'he average man hours used in growing an acre of · corn 
ranged from 4.9 on general-purpose tractor farms to 9.3 (almost 
double) on horse farms. Farmers owning standard 3-plow and 
2-plow tractors used more labor to grow an acre of corn than 
did those using general-purpose tractors but less than those 
farming with horses. The labor saved in growing corn by us-
ing tractors, especially general-purpose tractors, is highly sig-
nificant. 
The differences in amounts of drawbar horsepower hours 
needed to grow an acre of corn were much less than the differ-
ences in amounts of labor required when horses, standard trac-
tors or general-purpose tractor types of power were em-
ployed. 39 The drawbar horsepower hours used in grow-
"" It should be kept in mind that horsepower developed is a function of 
force or pounds pull and speed. 
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ing an acre of corn ranged from 21.9 to 45 .7. The 
lowest figure occurred on a general-purpose and the high-
est was on a horse farm. The difference between trac-
tor farms was not significant, but the difference between horse 
farms and tractor farms was highly significant. These figures 
on tractors conform closely to those obtained by an experiment 
carried out on the Agricultural Engineering Research Farm, 
Iowa Agricultural Experiment Station.40 
4. Shedd. C. K., Collins, E. V ., and Davidson, J. B. Labor, power and 
machiner y in corn production. Iowa Agr. Exp. Sta., Eu!. 365. 1937. 
OPERATION ' POWER. ACRES COVEgED PEg IO-HOUR. DAY 
10 'ZO 30 40 50 ro"7c 
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Fig, 6, Rates of performing field operations with different types of power. 
Tractors, especially general-purpose tractors, increase the rate at which field 
operations are performed. Especially is this true on operations requiring 
less drawbar pull. ' 
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TABLE 19. POWER AND LABOR EXPENDED IN THE PRODUCTION OF CORN ON 
FARMS OPERATED WITH DIFFERENT TYPES OF POWER, 1936. 
2-plow 3-plow 2-plow general-
Horse standard standard purpose 
farms tractor tractor tractor 
farms farms farms 
Number of farms 53 59 9 54 
Acree per farm 187.5 215.6 295.8 340.1 
Crop acres per farm 121 . 1 142.3 195.8 227.5 
Acres in corn 61. 7 68.7 91.4 128.0 
Crop scres per work horse 21.0 28.5 33.9 50.9 
Acres of corn per work horse 10.7 14.0 15.8 25.5 
Rp.Quirements in production: 
Man houTs per acre to grow* 9.34 7.38 6 . 08 4.9lt 
Drawbar horsepower houTs 
to grow 30 . 88 28.56 27.25 27.46t 
*The average time required to pick corn by hand was 5.5 hours per acre. 
The average time required to pick corn with 1-row corn pickers was 2 .4 hOUTS and with 
2·row pickers 1. 4 hours per acre. 
tThese fi~ures compare very closely with those of an independent study made bv the Agri-
cultural Engineering Section and reported in Iowa Agr. Exp. Sta., Bul. 365, 1937. 
Most farmers still harvest corn by hand. On general-purpose 
tractor farms more hours of man-labor were needed to pick 
than to grow an acre of corn. The man labor used in picking 
an acre of corn by hand did not differ between farms operated 
by different types of power. It requiI'ed 5.5 hours on horse, 
5.6 hours on standard tractor and 5.5 hours on general-purpose 
tractor farms. 
In a previous section it was found that the average costs of 
power were 11 cents and 5 cents per horsepower hour for horses 
and 2-plow general-purpose tractors, respectively (table 2 and 
3). Man-labor costs on miecellaneous tasks have been charged 
at 25 cents per hour. On the basis of these costs and the aver· 
age man hours and drawbar horsepower hours required to grow 
an acre of corn with horses 'and with general-purpose tractors, 
a farmer operating a general-purpose tractor would incur l\ 
power and labor cost of $2.60 per acre as compared with $5.73 
per acre for the farmer employing horses as his source of pow-
er,H and with the common sizes of teams used on these farms, a 
small part of the advantage in power and labor costs in favor 
of the tractor would be offset by somewhat higher equipment 
costs. 
The distribution of horse farms, 2-plow standard tractor 
farms and 2-plow general-purpose tractor farms according to 
man hours and drawbar horsepower hours required to grow an 
acre of corn is shown in fig. 7. This figure emphasized two im-
portant points which have been stressed before, namely: The 
saving in man-labor brought about by the use of general-pur-
farms. (4.91 X 25 cents) + (27.46 X 5 cents) = $2.60 per acre on horse 
41 (9.34 X 25 cents + (30.88 X 11 cents) = $5.73 per acre on 2-plow 
general-purpose tractor farms. 
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pose tractors as compared to horses, and the wide yariation in 
amounts of man-labor and horsepower used when power is sup-
plied by horses as compared to that when general-purpose trac-
tors supply the power . 
The amount of man-labor r equired to grow an acre of corn 
varied from 4.8 to 14.8 hours on horse farms as compared with 
3.5 to 11.1 hours on standard tractor farms and 2.8 to 8.6 hours 
If) 
~ 
Ol 
it 
u-
0 
ol 
111 
cO 
~ 
::J 
Z 
15 
1'2. 
~ 
to 
3 
0 
16 
15 
1'2. 
~ 
6 
3 
0 
'2.\ 
\8 
5~ 'Z.-PLOW 
r---------~--5TANDA£D TRACTO~~~--------~ 
FA~MS 
~4 e-PLOW 
\--------t--- GEN E.£AL - PUR-POSE 
TRACTOR FARMS 
15 
I'Z. 
9 
6 
3 
0 
Ie. If) ~ 
Ol 
15 ~ 
Ie lL. 
0 
9 Ol 
uJ 
6 cO ~ 
::J 
3 Z 
0 
'2.1 
18 
I~ 
I'Z. 
~ 
6r---~~~----------------~----~"~~------~ 6 
o 
I'Z. 14 16- 13 I~ '2.5 31 37 43 49 
L AElOR DRAW5AR. HORSEPOWER. 
HOURS 
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on general-purpose tractor farms. Most of the farmers operat-
ing general-purpose tractors spent from~ 3.5 to 5.5 man-hours 
growing corn. Most of the farmers with standard tractors ex-
pended from 6.5 to 8.5 hours. Widely different numbers of 
hours were used by different farmers who obtained their motive 
power from horses. 
There was almost three times as much variation in the num-
ber of horsepower hours expended in growing corn on horse 
farms as compared with general-purpose tractor farms. The 
number of horsepower hours used in producing corn prior to 
harvest varied from 19.10 to 45.70 on horse farms compared with 
20.12 to 37.05 on ~ standard tractor farms and 21.88 to 34.90 on 
general-purpose tractor farms. 
The average number of man hours of labor and drawbar 
horsepower hours required to grow ail acre of oats when trac-
tors or horses are used is shown in table 20.42 
Variations in amounts of man labor and horsepower ex-
pended in growing oats when horses, standard tractors and gen-
eral-purpose tractors were used were very similar to variations 
in energy expended in producing corn as shown in fig. 7. Man 
hours required to grow an acre of oats ranged from .8 to 3.2 
on horse farms compared with .5 to 2.8 on general-purpose 
tractor farms. Drawbar horsepower hours expended in grow-
ing an acre of oats varied from 2.89 to 12.50 on horse farms 
compared to 3.44 to 10.50 on general-purpose tractor farms. 
'2 The difference is highly significant. F = 8.60. 
TABLE 20. POWER AND LABOR EXPENDED IN THE PRODUCTION OF OATS ON 
FARMS OPERATED WITH DIFFERENT TYPES OF POWER, 1936. 
2-plow 3-plow 2-plow general-
Type of power Horse standard standard purpose 
farms tractor tractor tra('tor 
farms farms farms 
Number of farms 53 59 9 54 
Crop Bcres per farm 121.1 142. 3 195.8 227.5 
Acres in oats 39.7 44.7 62.4 81.4 
Requirements in production: 
Man houTs per acre to grow 1.60 1.43 1.24 1.04 
Drawbar horsepower hOUTS 
to ~ro\ ... (i.19 6 .22 6.28 5.36 
APPENDIX 
APPENDIX TABLE 1. DISTRIBUTION OF IOWA FARM MANAGEMENT COOPER-
ATOR FARMS BY TYPE OF POWER AND SIZE OF FARM, 1936 AND 1937. 
1936 I 1937 Size of farm Total Percent 
in crop acres Average \ I Average \ 1936-1937 of total crop acres Number crop acres Number 
per farm offarms per farm of farms 
Horse farms 
Total 121. 0 232 114.6 250 482 100.0 
55- 94 75.8 81 71.4 106 187 38. 7 
95-134 113.3 69 114.3 78 147 30 . 5 
135-174 150.4 55 157.2 39 94 19 . 5 
175-214 191. 5 18. 190 .9 16 34 7.1 
215-254 239.7 3 231. 7 6 9 1.9 
255-334 264.8 5 269.5 4 9 1. 9 
335 and over 344.0 1 384.0 1 2 0.4 
344.0· 384.0· 
Standard tractor farms 
T obal 151.7 146 144 . 1 159 305 100.0 
55- 94 74 .7 29 76 .9 30 59 19.3 
95-134 117 .5 43 117 .7 49 92 30.3 
135-174 150.9 24 149.6 44 68 22.3 
175-214 192.9 29 192.8 20 49 16.1 
215-254 226.8 9 227.4 7 16 5.2 
255-3:14 279.8 9 268.3 7 16 5 . 2 
335 and over 384.0 3 415.0 2 5 1.6 
398.0· 489.0· 
General-purpose tractor farms 
Total 194 . 4 375 193.3 549 924 100.0 
55- 94 78.0 26 80 .7 33 59 6.4 
95-134 117.0 90 116 .4 123 213 23.1 
135-174 156.8 73 154.0 128 201 21.7 
175-214 188.7 69 193 . 1 90 159 17 .2 
215-254 237.3 27 234.4 66 03 10 . 1 
255-334 286.9 58 292.0 68 126 13.6 
335 and over 401.2 32 408.5 41 73 7 .9 
615. O' I I 649.0* 
*Crop acres of the largest farm l!1 the group. 
APPENDIX TABLE 2. NUMBER OF WORK HORSES· PER FARM BY TYPE OF 
POWER AND SIZE OF FARM. IOWA FARI';!: MANAGEMENT 
COOPERATOR FARMS, 1936 AND 1937. 
Size of farm in Horse farms S tandard tractor farms 
General purpose 
tractor farms 
crop acres 
1936 1937 1936 1937 1936 1937 
55- 94 4.1 3.6 3. 1 3.3 2.4 2.2 
95-134 5.1 4.9 4.2 4.0 3.0 2.6 
135-174 6.3 5.9 5.0 5.0 4.0 3.3 
175-214 6.8 7.1 5.6 5.4 4.1 3.9 
215-254 7.3 8.0 6.9 6.4 4.8 4.8 
255-334 8.0 8.2 6.6 7.7 5 .3 4.9 
335 and over 9.0 
I 
10.0 8.3 9.5 7. 1 5.8 
Average 5.3 4.8 4.8 4.7 4.2 3.7 
*The term" work horse" Includes all horses and mules 3 years of age and over that were 
available for draft purposes. The number is the average for the year. 
APPENDIX TABLE 3. AGES AND VALUES OF HORSES AND MULES ON IOWA FARM MANAGEMENT ASSOCIATION FARMS, 
1935, 1936 AND 1937. 
Age groups (years) 
Number of 
animals 
Under 3 145 
3 to 7 350 
8 to 12 297 
13 to 17 240 
18 to 22 239 
Total 1271 
Average value: 
Animals per farm 7.2 
*From January 1 inventories. 
t Adjusted value. 
1935* 
Percentage of 
total 
11.4 
27.5 
23.4 
18.9 
18 .8 
100.0 
lValue of work animals only (3 years and older). 
1936* 
Value per Number of !percentage of Value per 
animals animals total animal 
$ 64 228 16.7 :$ 85 
128 365 26.7 152 
100 307 22.4 119 
76t 251 18.3 82 
51t 218 15.9 53 
1369 100 .0 
93 109 
6.6 
Tractor farmers used older horses than horse farmers and the value of their horses was relatively lower. 
1937* 
Number of Percen tage of Value per 
animals total animal 
279 19.9 $ 83 
333 23.7 140 
355 25.3 110 
247 17.6 72 
189 13 .5 47 
1403 100.0 
100 
5 . 6 
00 
crl 
o 
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APPENDIX TABLE 4. DECREASE IN NUMBER OF WORK HORSES BY TYPEi'> 
OF POWER AND SIZE OF FARM. IOWA FARM MANAGEMENT 
COOPERATO,R FARMS', 1936 AND 1937. 
Size of farm in 
crop acres 
55- 94 
95- 134 
135-174 
175-2 14 
215-254 
255-334 
335 and over 
Total decrease 
General-purpose 
Horse farms Standard tractor farms tractor farms 
1--1-9-3-6---1 -93-7--1--1-93-6-1--1~~ 1- 1937-
+ 9 -18 - 4 + 5 1---=11-I- --=--;;-
-2 -26 +1 -10 -41 -23 
- 4 -18 -10 - 4 -24 -49 
-7 -4 -13 - 10 -34 -56 
+1 -~ +6 -6 -M -. 
-10 - 4 - 5 - 4 -25 -16 
-1 0 0 -3 -9 -8 
14 87 25 32 1.58 186 
*The decreases are computed from opening and closing inventories. 
APPENDIX 'rii\.BLE 5. MACHINERY INVESTMENT* PER FARM BY TYPE OF 
POWER AND SIZE OF FARM. 1711 IOWA FARM MANAGEMENT 
COOPERATOR FARMS, 1936 AND 1937. 
General-purpose 
Size of farm in Horse farms Standard tractor farms tractor farms 
crop acres 
1936 1937 1936 1937 1936 1937 
-----
55- 94 $ 576 $ 594 $ 951 $1051 $ 710 $ 834 
95-134 673 721 1061 963 1062 1168 
135-174 812 873 1333 1054 1231 1191 
175-214 1122 1182 1215 1245 1367 1510 
215-254 696 1302 1550 1506 1416 1544 
255-334 845 750 1572 2222 1652 1855 
335 and over 1908 2647 2864 2674 2132 2464 
*Does not include investment in tractor. Average of opening and closing inventory. 
APPENDIX TABLE 6. COMBINED INVESTMENT* PER FARM IN HORSES 
MACHINERY AND TRACTORS ON HORSE, STANDARD TRACTOR 
AND GENERAL-PURPOSE TRACTOR FARMS BY SIZE 
GROUPS. 1711 IOWA FARM MANAGE-
MENT COOPERATOR FARMS, 
1936 AND 1937. 
IStandard tractor farms 
General-purpose 
Size of farm in Horse farms tractor farms 
crop acres ----
1936 1937 1936 1937 1936 1937 
M- 94 $ 981 $1.011 $1'478 $1644 $l2814 $1495 
95- 134 1155 11116 1781 1733 1863 3O;t7 
135-174 1483 i640 2284 1843 2195 2192 
175- 214 1927 2009 2093 2139 2396 2662 
215-254 1429 2422 2714 
I 
2369 2424 2857 
255-334 1534 1710 2640 3671 2963 3187 
335 snd over 2876 3012 4510 4532 3726 3964 
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AGES OF HORSE.S IN YEARS 
Appendix fig. 1. Ages and r elative values of horses on Iowa farm manage-
ment association farms, 1935 to 1937. Horses reach their .maximum value 
a t the age of 5 and then begin to depreciate in value. 
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Appendix fig. 2. Horses displaced by each standard tractor a nd by each 
genera l-purpose tractor, I owa farm management cooperator farms, 1936 and 
1937. More horses were displaced by general-purpose tractors than by stan-
dard tractors, and the number displaced increased as the size of farm in-
creased. F a rmers who had operated their farms with general-purpose trac-
tors for 4 years or more had displaced more horses with each tractor tha n 
farmers who had acquired a tractor r ecently. 
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:::ROP ACRES PER FARM 
Appendix fig. 3. Amounts of livestock on farms of different sizes operated 
with different types of power; Iowa farm management cooperator farms, 1936 
and 1937. The smaller farms had more livestock per crop acre than the 
larger farms, and tractor farms had more livestock than horse farms of com-
parable size. 
